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(54) URE THANE -CONTAINING HIGH REFRACTIVE INDEX LENS 
(57) Abstract: 

PURPOSE: To provide a plastic ophthalmic lens produced from a 
lightweight plastic material having a high refractive index and 
small chromatic aberration, that is, a large Abbe's number. 

Claim 1 

The urethane-containing high refractive index ophthalmic lens 
having a large Abbe's number which is obtained by 
radical-polymerizing 30-70 weight parts of methacrylic 
thio-ester represented by formula I 




mmx i 

formula I 

and 10-60 weight parts of sulfur-containing urethane acrylate 
(methacrylate) represented by formula II 



H„^OCNCH B -G)-CHiiHCSC a H<SC*H*S)- )1 CMCIIir<s)-C]| 8 NC0C«H J O5C=CH e 

!) a n n (1 



Z Z -Q X It- HifettCHiSst. 



formula II 



(wherein, "X" represents H or CH 3/ and "n" is an integer of 1-5. ) 
in the presence of 8-30 weight parts of aromatic vinyl compound. 



SPECIFICATION (paragraph 0006, 0007, 0011, 0012, 0013 and 0014 
of Patent Kokai Publication Hei 6 (1994) -123858) 



[0006] 

The urethane-containing high refractive index ophthalmic lens 
having a large Abbe's number and higher sulfur content is 
obtained by using methacryiic thio- ester represented by formula 
I 




o o 

formula I 



and sulfur-containing urethane acrylate (methacrylate ) 
represented by formula II 

CHt^COCiH^OCNCH^CHaNCSCaH.SCjH^SHCHCII^CH^COC.^OpCH* 

0 0 0 0 0 0 

mass '2 ecu lia, HUttcHjSSt. 



formula II 



(wherein, "X" represents H or CH 3 , and "n" is an integer of 1-5 . ) . 



Methacryiic thio-ester represented by formula I has a 



2 



characterization of high refractive index and a large Abbe's 
number. On the other hand, sulfur-containing urethane 
acrylate (methacrylate } represented by formula II has a 
characterization of higher sulfur content. 

[0007] 

In the preparation of ophthalmic lens, the use of 
sulfur-containing urethane acrylate (methacrylate) 
represented by formula II provides a ophthalmic lens having 
higher sulfur content and a large Abbe's number. 

In addition, the use of sulfur-containing urethane acrylate 
(methacrylate) also provides better monomer viscosity-control 
suitable for casting polymerization compared with the case of 
only methacrylic thio-ester represented by formula I. 

Sulfur-containing urethane acrylate (methacrylate) 
represented by formula II can be obtained by causing urethane 
reaction of hydroxyethyl acrylate (methacrylate) , thio 
di (mercapto ethyl) , and meta-xyl ylene diisocyanate in desired 
stoichiometry . 

Using sulfur-containing urethane acrylate (methacrylate) 
represented by formula II wherein n is large figure may provide 
the ophthalmic lens having higher sulfur content. However, 
effectiveness of bridge formation of the polymer becomes weak 
in this case. In the present invention, the number of n is 
important and n is chosen from the integer of 1-5. 

When the number of n is greater than 5, the ophthalmic lens 
having high refractive index, higher sulfur content and a large 
Abbe's number may be obtained, however, the bridge formation 
effectiveness of resin becomes weak and heat resistance of the 
ophthalmic lens deteriorated. 

The number of n in the urethane acrylic (methacrylic) ester 
compound represented by formula II is preferably the range of 



1-5 in the present invention. 
[0008] 

The urethane acrylate (methacrylate ) compound represented by 
formula II can be synthesized by mixing the compound represented 
by formula I, an aromatic vinyl compound and one or more 
compounds selected from the group of consisting hydroxyethyl 
acrylate (methacrylate) , thio-di (mercaptoethyl ) and 
methaxylylene diisocyanate, then adding an urethane catalyst 
of a lead compound to accelarate an urethane reaction on heating 
or at room temperature, then obtaining the urethane acrylate 
(methacrylate) compound represented by formula II. 

[0009] 

In the present invention, an aromatic vinyl compound is used 
as third component . The use of the aromatic vinyl compound make 
possible to produce a lightweight lens and to control a 
viscosity of a monomer for producing a lens easily. The reason 
being that the aromatic vinyl compound has a low viscosity. An 
example of the aromatic vinyl compound includes styrene, 
a-methyl styrene, di vinylbenzene , chlorostyrene , 

4-methoxystyrene, trivinylstyrene , bromostyrene and 
chloromethylstyrene, but are not limited to. 

[0011] 

In the present invention, three kinds of compounds (methacrylic 
thio-ester, sulfur-containing urethane acrylate 

(methacrylate) and an aromatic vinyl compound) may be mixed in 
the specific presentation range, and monomer-viscosity 
suitable for casting polymerization can be controlled. 

In the present invention, the resulting monomer is a monomer 
for lenses. After an ultraviolet ray absorbent or other 
additive is added to the monomer, a radical polymerization 
initiator is added. 

Using radical polymerization initiator is any kind of one and 



without limitation, and an initiator used for the usual radical 
polymerization may be used. 

The amount of the polymerization initiators is preferably used 
within the range of 0.3 to 5.0 weight parts per 100 weight parts 
of the monomer. 

The monomer containing optimum dose of the radical 
polymerization initiator is poured into glass-mold and is 
heated, then the monomer starts to polymerize to obtain a lens. 

This process is not special and is as same as the production 
approach for producing the usual plastic lens. 

Preferable polymerization temperature is the range form room 
temperature to about 150°C. Thus, the desired diopter 
spectacle lens may be obtained. 

A refractive index of the lens is preferably equal to 1.60 or 
more, more preferably equal to 1.62 or more. 

An Abbe's number of the lens is preferably equal to 25 or more, 
more preferably equal to 27 or more. 

The present invention will be further explained in detail in 
accordance with the following examples. 



[0012] Example 1 





weight parts 


dimethacrylic thioester represented by 
the following formula I 


40 


2-hydroxyethyl methacrylate 


7 .06 


met a- xylylene diisocyanate 


20 . 4 


thio di (mercapto ethyl) 


12 . 54 


styrene 


10 


divinylbenzene (80% purity) 


10 




o o 



H » 

*C H z 



formula I 



These components were mixed well and 0.02 weight parts of tin 
di-n-buthyl laurate was added, then the resulting mixture was 
heated at 60°C for 3 hours to cause urethane reaction. 
The monomer viscosity at the time was 80cp at 25°C. (The 
Theoretical value of n in formula II is 3 on an average.) 
To the mixture, 1.1 weight parts of benzoyl peroxide was added, 
and well-mixed. 

The resulting monomer was poured into the gasket-supported mold 
containing two glass sheets having different curvature, and 
heated to react a radical polymerization. The heated 
temperature is: 60°C, 24 hours; 80°C, 5 hours; 90°C, 5 hours. 

The concave lens having 3 . 00 diopter and main thickness of 1 . 5mm 
was obtained. The lens was transparent and colorless and its 
visible-ray permeability was 90%. The property of the lens is 
following; 

Refractive index 1.626 
Abbe's numbers 32 
consistencies 1.27 g/cm 3 

This lens had greater heat-resistance so as to resist silicon 
hard-coat at 130°C for a hour without deformation. 

[0013] Example 2 



weight parts 



dimethacrylic thioester shown by the 
following formula 1 



50 



2 -hydroxyethyl methacrylate 


11.52 


meta- xylylene diisocyanate 


16.66 


thio di (mercapto ethyl) 


6. 82 


divinylbenzene (80% purity) 


10 


a -methyl styrene 


5 



These components were mixed well and 0,02 weight parts of tin 
di-n-buthyl laurate was added, then the resulting mixture was 
heated at 60°C for 3 hours to cause urethane reaction. 
The monomer viscosity at the time was 67cp at 25°C. 
(The Theoretical value of n in formula II is 1 on an average.) 
To the mixture, 1 . 1 weight parts of benzoyl peroxide was added, 
and well-mixed. 

The resulting monomer was treated in a manner similar to example 
1 . 

The concave lens having 1.25 diopter was obtained. 

The lens was transparent and colorless and its visible-ray 

permeability was 91%. 

The property of the lens is following; 
Refractive index 1.632 
Abbe's numbers 2 8 
consistencies 1.24 g/cm 3 

This lens had greater heat-resistance so as to resist silicon 
hard-coat at 130°C for a hour without deformation. 

[0014] 

Effect of the Invention 

The lens of the present invention is made from three compounds 
(methacrylic thio-ester, ul fur-containing urethane acrylate 
(methacrylate) and aromatic vinyl compound) . The lens of the 

present invention is ophthalmic lens and has high refractive 

index, light weight and small chromatic aberration, that is 

having a large Abbe's number. 

7 



This urethane-containing high refractive index ophthalmic lens 
having a large Abbe's number is obtained by 
radical-polymerizing 30-70 wt . % methacrylic thio-ester 
represented by formula I and 10-60 wt . % sulfur-containing 
urethane acrylate (methacrylate ) represented by formula II in 
the presence of 8-30 wt . % aromatic vinyl compound. In the 
formula II, "X" is H or CH 3 , and "n" is an integer of 1-5. 



Your Ref: F-1556A1-CH 
Our Ref: 184125 



PROPOSED AMENDMENT OF CLAIMS 



1. A polymerizable organic composition comprising: 
a first monomer having at least two (meth) acryloyl groups 
and comprising one or more backbone linkages selected from the 
group consisting of thiourethane linkages and dithiourethane 
linkages, wherein a precursor of said first monomer is prepared 
from the reaction of polythiol monomer and polycyanate monomer 
having at least two functional group selected from at least one 
of the group consisting of isocyanate and isothiocyanate, 

wherein the molar equivalent ratio of (NCO + NCS ) / (SH) is 
from 0. 25 : 1 to 4 : 1, 

(a) a second radically polymerizable monomer that is 
different than said first monomer and having at least two 
ethylenically unsaturated radically polymerizable groups 
selected from vinyl, allyl and (meth) acryloyl ; 

(b) a third radically polymerizable monomer having at least 
one ethylenically unsaturated radically polymerizable group, 
which is different than said first monomer and said second monomer, 
and which is (i) a monoethylenically unsaturated monomer; and 

(c) a polythiol monomer having at least two thiol groups; 
wherein said second monomer has (meth) acryloyl groups and 

is selected from one or more of the group consisting of : 

(i) a monomer represented by the following general formula : 



if 



1-0— -A— 0— fcH 2 — CH oi— < 



<j — j-O— CII CH 2 -[~0—A— 0— (CH 2 — CH 



wherein m and n are each zero or a positive number, the sum of 
m and n being from 5 to 20, R 3 and R 4 are each methyl, R 5 and R 6 
are each hydrogen, and A is a divalent linking group selected from 
the group consisting of straight or branched chain alkylene, 
cyclic alkylene, phenylene, C1-C9 alkyl substituted phenylene, 
and a group represented by the following general formula : 




wherein, R 7 and R 0 are each C1-C4 alkyl, chlorine or bromine, 

© 

p and q are each 0, X is -C(CH 3 ) 2 -, and represents a 

divalent benzene group; 

(ii) a bis [ (meth) acryloyl- terminated] poly { ethylene 
glycol) monomer, that is different than monomer (i) , having a 
number average molecular weight from 200 to 2, 000 grams/ mole ; 
and 

(iii) a poly (meth) acryloyl terminated monomer represented 
by the following general formula : 




wherein R ' is a radical of a pentaerythritol , R 9 is hydrogen, R 5 
is hydrogen or C x to C 2 alkyl, d is 0, and j is 3. 



2. The polymerizable composition of claim 1 wherein said 
polythiol monomer is one or more selected from the group 
consisting of 2, 5-dimercaptomethyl-l , 4-dithiane, 
2,2' -thiodiethanethiol, pentaerythritol 
tetrakis ( 3-mercaptopropionate ) , pentaerythritol 
tetrakis (2-mercaptoacetate) , trimethylolpropane 
tris (3-mercaptopropionate) , trimethylolpropane 
tris (2-mercaptoacetate) , 

4-mercaptomethyl-3, 6-dithia-l, 8-octanedithiol , 
4-tert-butyl-l, 2-benzenedithiol , 4,4' -thiodibenzenethiol , 
benzenedithiol, ethylene glycol di (2-mercaptoacetate) , ethylene 
glycol di (3-mercaptopropionate) , poly (ethylene glycol) 

2 



di (2-mercaptoacetate) , poly { ethylene glycol) 

di (3-mercaptopropionate) , a polythiol represented by the 

following general formula: 




HS Ri— C O CH — CH 2 0 C -R 2 SH 

in which Ri and R 2 are each independently selected from the group 
consisting of straight or branched chain alkylene, cyclic 
alkylene, phenylene and C1-C9 alkyl substituted phenylene, and 
oligomers of said polythiols. 

3. A polymerizate formed by polymerizing a polymeri zable 
organic composition, wherein the polymeri zable organic 
composition comprises: 

a first monomer having at least two (meth) acryloyl groups 
and comprising one or more backbone linkages selected from the 
group consisting of thiourethane linkages and dithiourethane 
linkages, wherein the molar equivalent ratio of (NCO + NCS) / (SH) 
is from 0. 25 : 1 to 4 : 1; 

(a) a second radically polymerizable monomer that is 
different than said first monomer and having at least two 
ethylenically unsaturated radically polymerizable groups 
selected from vinyl, allyl and (meth) acryloyl ; 

(b) a third radically polymerizable monomer having at least 
one ethylenically unsaturated radically polymerizable group, 
which is different than said first monomer and said second monomer, 
and which is (i) a monoethylenically unsaturated monomer; and 

(c) a polythiol monomer having at least two thiol groups, 
wherein said second monomer has (meth) acryloyl groups and 

is selected from one or more of the group consisting of : 

(i) a monomer represented by the following general formula: 



1 



-jL-£o CH A 0— jcH 2 CH 0»]J- 



wherein ra and n are each zero or a positive number, the sum of 
m and n being from 5 to 20, R 3 and FU are each methyl, R 5 and R e 
are each hydrogen, and A is a divalent linking group selected from 
the group consisting of straight or branched chain alkylene, 
cyclic alkylene, phenylene, C1-C9 alkyl substituted phenylene, 
and a group represented by the following general formula: 




(^)q 



wherein R 7 and R a are each C1-C4 alkyl, chlorine or bromine, 



p and q are each 0, X is -C(CH 3 } 2 -, and 



0 



represents a 



divalent benzene group; 

(ii) a bis[(meth) acryloyl-terminated] poly (ethylene 
glycol ) monomer, that is different than monomer (i), having a 
number average molecular weight from 200 to 2, 000 grams/ mole ; 
and 

(iii) a poly (meth) acryloyl terminated monomer represented 
by the following general formula: 



~CH 2 



R' 0-^H 2 — CH— -O^J—C < 



wherein R' is a radical of pentaerythritol , R 9 is hydrogen, R 5 
is hydrogen or Ci to C 2 alkyl, d is 0, and j is 3. 



4. The polymerizate of claim 3 wherein said polythiol 
monomer is one or more selected from the group consisting of 
2, 5-dimercaptomethyl-l , 4-dithiane, 2, 2 ' -thiodiethanethiol , 



pentaerythritol tetrakis ( 3-mercaptopropionate } , 
pentaerythritol tetrakis ( 2-mercaptoacetate ) , 
trimethylolpropane tris (3-mercaptopropionate) , 
trimethylolpropane tris (2-mercaptoacetate) , 
4-mercaptomethyl-3, 6-dithia-l, 8-octanedithiol, 
4-tert-butyl-l , 2-benzenedi thiol , 4,4' -thiodibenzene thiol, 
benzenedithiol, ethylene glycol di (2-mercaptoacetate) , ethylene 
glycol di ( 3-mercaptopropionate) , poly (ethylene glycol) 
di (2-mercaptoacetate) , poly (ethylene glycol) 
di (3-mercaptopropionate) , a polythiol represented by the 
following general formula: 



HS R, C -0 CH — CH 2 — 0 C R^SH 

in which Ri and R 2 are each independently selected from the group 
consisting of straight or branched chain alkylene, cyclic 
alkylene, phenylene and Ci-C 9 alkyl substituted phenylene, and 
oligomers of said polythiols. 

5. The polymerizate of claim 3 wherein polymerization of 
the polymerizable organic composition is accomplished by adding 
to photopolymerization initiators, and 

the photopolymerization initiators are selected from the 
group consisting of benzoin, benzoin methyl ether, benzoin 
isobutyl ether, benzophenone, acetophenone, 
4,4' -dichlorobenzophenone, diethoxyacetophenone, 
2-hydroxy-2-methyl-l-phenylpropan-l~one, 1-hydroxycyclohexyl 
phenyl ketone, 2-isopropylthixanthone and 
2,4, 6-trimethylbenzoyldiphenylphosphine oxide . 




